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Abstract 
In this thesis I explore the emerging concept of and existing approaches for, 
Sustainability Management Systems (SMS), and consider their relevance and potential 
application to the context of landfill facilities in New South Wales. The methods I 
employ for this research are literature review and analysis supported by an illustrative 
desktop case study. The first part of my literature review provides an understanding of 
universal sustainability characteristics, including the three widely recognised 
dimensions of sustainability: environmental protection, social or community well-
being, and economic viability; along with stakeholder engagement, intra and inter-
generational equity, and innovation. The literature review then explores existing 
approaches for developing SMS, and the context of landfills in New South Wales. 
Through the review and analysis of existing SMS approaches in light of the New South 
Wales landfill context, I identify the ‘Expansion of Environmental Management 
Systems (EMS)’ approach as the most appropriate to follow. I develop a SMS 
framework based on the ‘Expansion of EMS’ approach specifically for landfills in New 
South Wales. The framework follows the Plan, Do, Check, Act continual improvement 
cycle utilised by EMS and expands the typical scope of an environmental management 
system at each stage of the cycle to include sustainability characteristics identified 
earlier through the literature review. In applying my SMS framework to a real-life New 
South Wales landfill in a desktop case study I provide an example of how the 
framework can be interpreted to design and develop a landfill sustainability 
management system. Overall my study demonstrates that the emerging field of SMS is 
indeed relevant to landfills in New South Wales and provides a framework and 
guidance to the waste management industry for SMS design and development.  
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1 Introduction 
The concept of Sustainability Management Systems (SMS) is an emerging field in 
academia and professionally within corporate sectors and industries (Scanlon 2011, 
Perdicoúlis et al. 2012, Stocchetti 2012). As sustainability characteristics are typically 
much broader than environmental aspects alone, SMS offer potential to enable 
organisations to think and act ‘outside the box’ of environmental regulatory 
compliance and management (Scanlon and Pope 2012). While there is currently a 
limited pool of literature covering SMS, in the last few years researchers and 
practitioners have begun to examine and define how traditional Environmental 
Management Systems (EMS) may be expanded into SMS (Perdicoúlis et al. 2012, 
Thomas and Murfitt 2011, Sarkis and Sroufe 2004). 
 
Arising from the fact that global waste generation is increasing rapidly in conjunction 
with increases in population growth and wealth (UN HABITAT 2010), waste 
management is a growing sustainability challenge and priority for governments around 
the world (Achillas et al. 2013, Marshall and Farahbakhsh 2013). Growth in waste 
generation is also occurring in Australia and New South Wales (Australian Bureau of 
Statistics 2013). In 2008-2009 Australia generated approximately 60 million tonnes of 
waste (almost double the amount generated in 2002-2003); of which New South Wales 
contributed more than 20 million tonnes, or approximately one third of Australia’s 
total (Hyder Consulting 2012). Half of this generated waste in Australia and New South 
Wales is disposed of to a landfill facility (Hyder Consulting 2012, Australian Bureau of 
Statistics 2013). As such, improving the sustainability of landfill facilities within the 
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waste management industry is an important area of study within New South Wales 
and in general. 
 
The application of SMS to landfills in New South Wales has the potential to provide 
‘beyond compliance’ sustainability outcomes that may in addition improve the 
reputation of, and relationships between, landfill operators, the community and 
regulatory authorities. As such, my research project aims to answer the following 
question; to what extent are emergent approaches for developing SMS, appropriate 
for application to landfill facilities in New South Wales? To answer this question, the 
research objectives are twofold: 
 to identify emergent approaches and guidance for developing SMS and to 
explore their relevance to the design of SMS for landfills in New South Wales 
and secondly, 
 to provide guidance and recommendations to landfill operators within the New 
South Wales waste management industry on the design of SMS. 
 
In order to address these research objectives, my thesis first covers the research 
methods used before going on to explore sustainability and management systems in 
Chapters 3 and 4. Chapter 5 examines the landfill context pertaining to New South 
Wales, while in Chapters 6 and 7 I synthesise the work presented in previous chapters 
to create a framework and sustainability assessment guidance for landfill SMS in New 
South Wales. My conclusions in relation to the research question and objectives along 
with study limitations and opportunities for further research are then covered in 
Chapter 8. 
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2 Research Methods 
Literature review and analysis were the principal research methods used for this 
project combined with an illustrative desktop case study. 
2.1 Literature Review and Analysis 
Conducting a literature review is fundamental to research effort in general in order to 
apprehend the background and current status for a particular topic (Reardon 2006), 
and as justification for the particular research effort (Hay 2012). Reviewing and 
providing a critical analysis of the available literature on a topic may also constitute the 
research effort itself (Bloomberg and Volpe 2008). The purpose of my literature review 
was threefold: to explore and identify universal sustainability characteristics and 
assessment tools appropriate to landfills in New South Wales; to gain an 
understanding of the emerging field of SMS and identify existing approaches for their 
development; and to gain an understanding of landfills in New South Wales as the 
project context. 
 
Online databases were the main sources used for academic and professional literature 
covering the fields of SMS, and the broader field of sustainability assessment. For 
literature and other documents relating to waste management and landfilling the main 
sources were Australian and New South Wales government websites for both 
government documentation and also publically available consultancy reports 
commissioned by government. Through analysing the available literature on emerging 
approaches to SMS and the New South Wales landfill context, I then developed a SMS 
framework for landfills in New South Wales. In addition to this framework and to 
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provide further guidance, I also used my literature analysis to define appropriate 
sustainability objectives and indicators for New South Wales landfills. 
2.2 Case Study 
Several authors including, Scanlon and Pope (2012), Perdicoúlis et al. (2012) and 
Stocchetti (2012), have identified the concept of SMS as a recent development and as 
such, is suited to qualitative research methods (Scanlon 2011). A strength of the case 
study method is that it provides ‘high conceptual validity’ (Flyvbjerg 2011). As one of 
the project objectives is to provide recommendations to the waste management 
industry on the design of SMS for landfills in New South Wales, providing an example 
(landfill case study) that conceptualises how the developed SMS framework might be 
followed in practice, provides additional guidance to industry. While the desktop case 
study utilises only publically available information, as I am currently employed within 
the New South Wales waste management industry, a pseudonym was adopted for the 
case study landfill in order to provide professional anonymity. 
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3 Exploring Sustainability 
During the past three decades, the concept of sustainability, together with how it 
might be applied and assessed has been widely discussed in the literature by 
academics (George 1999, Pope et al. 2005, Gibson 2006, Bond et al. 2012, Perdicoúlis 
et al. 2012), professional organisations (Nieuwlands 2007), industry (Mohrman and 
Worley 2010, Scanlon 2011) and governments alike (Australian Government 
Department of Environment 1992, New South Wales Government Office of 
Environment and Heritage 2013). The purpose of this chapter is first to explore and 
introduce internationally recognised sustainability characteristics that hold currency 
within an Australian, New South Wales and landfill context; and secondly, as 
management systems generally include a requirement to assess performance, I will 
discuss the assessment of sustainability through the use of objectives and indicators. 
3.1 Sustainability Characteristics 
While no universal definition for sustainability exists, there are internationally 
recognised approaches to sustainability in practice (George 1999, Hermans and 
Knippenberg 2006, Bond et al. 2012). Amongst these approaches, thinking about 
sustainability in terms of the three dimensions of: environmental protection, social or 
community well-being, and economic viability, has become by far the most widely 
observed (Gibson 2006, Hermans and Knippenberg 2006, Bond et al. 2012, Global 
Reporting Initiative 2013a). These three dimensions of sustainability appear frequently 
within policy and programmes of the Australian and New South Wales’ governments, 
as a recognition of the requirement to understand and manage the interconnections 
between the environment, society, and the economy (Australian Government 
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Department of Environment 1992, New South Wales Government Office of 
Environment and Heritage 2013). 
 
The three dimensions of sustainability have also been adopted and utilised within the 
broad field of waste management for framing research and investigating different 
approaches and strategies for improving solid waste management (den Boer et al. 
2007, Menikpura et al. 2012, Marshall and Farahbakhsh 2013). As will be discussed 
further in later sections and chapters, a key concern with landfills is the generation of 
pollutants (such as leachate and landfill gas) and other annoyances (such as noise, dust 
and odour) which have potential to impact on the local and global environmental and 
social dimensions of sustainability (Tchobanoglous et al. 1993b, Environment 
Protection Authority 1996). Landfill economic viability is obviously impacted by the 
costs associated with sound operation, regulatory requirements, and remediation 
(particularly for post landfill closure) activities. These costs have economic implications 
not only for landfill operators but also for regulators and broader society. 
 
Within the ‘social or community well-being’ dimension of sustainability, stakeholder 
engagement including community participation, deserves to be drawn out as a well-
recognised requirement for achieving sustainability outcomes (George 1999, Pope et 
al. 2005, Gibson 2006, Hermans and Knippenberg 2006, Gonzalez et al. 2011, Global 
Reporting Initiative 2013a). Appropriate stakeholder engagement including community 
participation is integral to the implementation of government waste management 
policy and programmes in Australia and New South Wales (Environment Protection 
and Heritage Council 2009, New South Wales Government Environment Protection 
Authority 2013). Stakeholder engagement is also an essential tool in any effort towards 
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achieving another widely discussed characteristic of sustainability that is, the principle 
of equity within and between generations (Global Reporting Initiative 2013a). 
 
The principle of equity within and between generations was first defined as the 
fundamental and core requirement for sustainable development, in the United Nations 
report ‘Our Common Future’ (World Commission on Environment and Development 
1987). This principle of equity has been recognised many times since in the literature 
as a core element to the concept of sustainability (George 1999, Gibson 2006). The two 
‘pillars’ that together constitute the principle of equity are referred to as intra-
generational equity, consideration of the impacts and opportunities for the present; 
and inter-generational equity, consideration of the impacts and opportunities for the 
future (George 1999, Gibson 2006). Intra-generational equity has also been referred to 
as ‘social equity’ and viewed as an element of the ‘social or community well-being’ 
dimension of sustainability (Stocchetti 2012). However it is also possible to view the 
principle of equity (that includes both pillars of intra and inter-generational equity) as a 
broader integrating characteristic of sustainability. Due to the fact that the impacts 
and opportunities relevant to current or future generations may relate to any one (or 
combination) of the three dimensions of sustainability: environmental protection, 
social or community well-being, and economic viability (Gibson 2006). 
 
Some 30 years ago the Council of Australian Governments (COAG) endorsed a strategy 
for Ecologically Sustainable Development (ESD) that included a ‘local’ version of the 
principle of equity (World Commission on Environment and Development 1987) as that 
‘which aims to meet the needs of Australians today, while conserving our ecosystems 
for the benefit of future generations’ (Australian Government Department of 
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Environment 1992). The New South Wales Government Office of Environment and 
Heritage (2013) webpage explains that, ‘Sustainable development aims to meet human 
needs in the present while preserving the environment so that these needs can also be 
met in the indefinite future’. As will be discussed in Chapter 5, the full lifecycle of 
landfill facilities often extends over many decades and as such, consideration of the 
impacts and any opportunities associated with a landfill should be given in relation to 
both current and future generations. Therefore the principle of equity within and 
between generations should be a core characteristic for any landfill sustainability 
management system. 
 
Enabling or fostering innovation, has also been identified as a key element for 
recognising and developing opportunities that lead to sustainability outcomes, 
including as a means to greater resource use efficiency (Gibson 2006) and as a 
promoter of adaptive capacity (Hermans and Knippenberg 2006). The Australian and 
New South Wales governments both encourage innovation within waste management 
policy and strategies (Environment Protection and Heritage Council 2009, New South 
Wales Government Environment Protection Authority 2013a). For landfill operators, 
keeping up with new innovations in landfill design and resource recovery including for 
example, waste-to-energy research and technology, will provide opportunities for 
improved outcomes across the three dimensions of sustainability for both current and 
future generations (Environment Protection and Heritage Council 2009). 
 
It is widely accepted within the literature that the concept of sustainability will vary 
according to the context in which it is being considered (Hermans and Knippenberg 
2006, Bond et al. 2012, Pope et al. 2013, Gibson 2006). As such, the context specific 
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nature of sustainability is an important characteristic for my exploration of SMS. Also, 
any specific context is likely to alter over time with changes in legislation, technology, 
or community values for example. This change makes it possible to view sustainability 
as a journey rather than a destination, and so the use of phrases such as ‘degree of’ 
and ‘moving towards’ sustainability can often be found within the literature (Gibson 
2006, Scanlon and Pope 2012, International Organisation for Standardisation 2012). 
When viewed from this perspective, sustainability outcomes can be thought of as 
interim achievements, along a path or within a continual improvement cycle. 
3.2 Assessing Sustainability 
Much has been written about sustainability assessment within the broader field of 
impact assessment (Bond et al. 2012, Pope et al. 2013); where is it often seen as the 
latest generation of evolving impact (such as environmental and social impact) 
assessment tools (Pope et al. 2013). While sustainability assessment techniques may 
be used to identify, predict and evaluate the potential impacts of a proposal to the 
sustainability of society, ‘sustainability assessment’ is also increasingly more simply 
defined as any mechanism applied in order to direct planning and decision-making 
activities towards sustainability outcomes (Bond et al. 2012, Scanlon and Pope 2012, 
Scanlon 2011). These sustainability outcomes, based on the sustainability 
characteristics discussed in the previous section, may be defined using objectives 
(including any legal requirements), as is the case for any activity licenced by the New 
South Wales EPA (2013h) including landfills. Sustainability indicators may then be used 
to measure and report progress towards sustainability outcomes (or performance 
against sustainability objectives) in order to inform and guide future progress (Global 
Reporting Initiative 2013a, 2013b) within a continual improvement cycle.  
10 
 
4 Understanding Management Systems 
In this chapter I will discuss ‘environmental’ management systems in relation to the 
newly emerging concept of ‘sustainability’ management systems before then 
examining the existing approaches in the literature for developing SMS. 
4.1 Environmental Management Systems 
An environmental management system is a tool that enables an organisation to 
develop and implement an environmental policy and to manage those aspects of 
operation which may impact significantly on the environment (Standards Australia 
2004). As discussed by Scanlon and Pope (2012) EMS may also be thought of as ‘a tool 
for managing the environmental dimension of sustainability’. EMS evolved during the 
early 1990s and the International Standard (ISO 14001) for EMS was released in 1996 
with an update provided in 2004 (Standards Australia 2004, Thomas and Murfitt 2011). 
As with many management system Standards, ISO 14001 follows the Plan, Do, Check, 
Act (PDCA) continual improvement cycle as the underlying methodology for the 
management system (Standards Australia 2004). 
 
Since the introduction of the Standard, there has been strong world-wide growth in 
the number of organisations developing and implementing ISO 14001 compliant EMS 
(Thomas and Murfitt 2011, Tarí et al. 2012, Schylander and Martinuzzi 2007). 
Consequently EMS have become a well-established concept both in the literature and 
in practice, with EMS being recognised as facilitating strong environmental awareness 
and improved reputation for organisations within corporate and government sectors 
that implement them (Schylander and Martinuzzi 2007, Thomas and Murfitt 2011). 
However limitations with EMS have also been identified and distinction drawn 
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between, a ‘standard application’ and a ‘sustainability-seeking interpretation’ of ISO 
14001 (Thomas and Murfitt 2011). 
 
An obvious difference between a typical environmental management system and the 
concept of a sustainability management system is the focus on a single 
(environmental) dimension of sustainability, with any significant consideration of social 
or economic impacts usually absent (Thomas and Murfitt 2011, Scanlon and Pope 
2012). Furthermore stakeholder engagement is interpreted almost exclusively as an 
internally focused activity, with no declared requirement within ISO14001 to go 
beyond the ‘Inform’ category of the community participation spectrum (International 
Association for Public Participation 2013), notwithstanding any regulatory requirement 
to do so (Scanlon and Pope 2012). Notably, EMS are limited in that they are typically 
applied within a framework of no more than a few years driven by the timeframes of 
most external certification audit cycles (Brunklaus et al. 2009). This relatively short 
term focus does not easily facilitate the principle of equity for future generations to be 
considered. Further criticism of EMS relates to the fact that provided an organisation 
can demonstrate a continual improvement cycle, a ‘compliance-only’ approach with 
regard to relevant environmental legal and regulatory requirements is sufficient 
against ISO 14001; which may result in neglecting opportunities for innovation and 
significant advances in environmental performance (Standards Australia 2004, Thomas 
and Murfitt 2011, Tarí et al. 2012, Scanlon and Pope 2012). 
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4.2 Sustainability Management Systems 
An International Standard that specifies requirements for the development and 
implementation of Sustainability Management Systems (SMS) in any context (such as 
ISO 14001 for EMS) does not currently exist (Asif et al. 2011a). However ISO 20121 for 
Event SMS was released in 2012 to improve the sustainability of events and related 
activities, through the specification of management system requirements 
(International Organisation for Standardisation 2012). While EMS are well established 
within the literature and in practice, the notion of SMS has been recognised as an 
emerging field of endeavour (Scanlon 2011, Scanlon and Pope 2012, Perdicoúlis et al. 
2012, Stocchetti 2012). 
 
My online search of available SMS literature included a range of databases and found 
only a limited number of publications. By example, searching the Scopus database for 
the phrase ‘sustainability management system(s)’ within the title, abstract or keywords 
found just 32 documents; including 23 articles, five conference papers and four 
reviews, all published during the last ten years. In contrast, Bond et al. (2012) reported 
an ‘explosion’ in literature concerning ‘sustainability assessment’ with hundreds of 
articles published just since 2009 alone. Throughout the document review process 
conducted for this project I was unable to find any examples of published literature 
(from Australia or elsewhere) considering SMS in the context of waste management or 
more specifically, for landfill facilities. While my literature search was by no means 
exhaustive, it does serve as a small-scale demonstration of the infancy of SMS, both in 
terms of academic research and situational practice. 
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4.3 Existing Approaches for SMS 
My analysis of the available literature identified seven approaches for the design and 
development of SMS (see table 1). All of these identified approaches for SMS seek to 
provide guidance and tools to assist organisations in various situations, with their 
efforts to translate sustainability management from theory into practice. As such, due 
to the context specific nature of sustainability, as discussed in Chapter 3, the different 
approaches for SMS identified in Table 1 will be ‘more or less’ applicable to different 
organisations in different contexts. 
 
For example the ‘BEM Approach’ offers guidance on how organisations that have 
implemented a ‘Business Excellence Model’ might expand this model to incorporate 
sustainability management, and the ‘Sustainable Firm’ approach is directed at heavily 
‘process-focused’ organisations aiming to become ‘sustainability-orientated’. The 
‘Project SMS’ approach has been developed principally for the context of 
infrastructure projects and (as mentioned in the previous section) the ‘Event SMS’ is a 
management system Standard (ISO 20121) for improving the sustainability of events. 
As observed by, Perdicoúlis et al. (2012), Thomas and Murfitt (2011), and Sarkis and 
Sroufe (2004), researchers have also begun to examine an ‘EMS Approach’, where 
organisations with standard EMS may expand or evolve these systems into SMS. 
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Table 1. Existing Approaches for SMS identified through literature analysis 
 
No. 
 
SMS Approach 
 
 
Literature Source 
1 A control system for sustainability – 
Sustainable Firm 
Stocchetti (2012) 
2 Sustainability management through expansion 
of Business Excellence Models – BEM Approach 
Asif et al. (2011a) 
3 A Corporate Sustainability Model – CSM Epstein and Buhovac (2010) 
4 Developing corporate SMS – Corporate SMS Azapagic (2003) 
5 Characteristics of effective SMS for projects – 
Project SMS 
Scanlon and Pope (2012), Scanlon (2011) 
6 SMS requirements for events and related 
activities – Event SMS 
International Organisation for Standardisation 
(2012) 
7 SMS through the expansion or evolution of 
EMS – EMS Approach 
Pojasek (2012), Rodríguez-Antón et al. (2012), 
Holton et al. (2010), Emilsson and Hjelm 
(2009), Monteleone (2009), Esquer-Peralta et 
al. (2008), Beringer (2007), Schylander and 
Martinuzzi (2007), McElhaney et al. (2004) 
 
As evident from the number of sources in table 1, it is the ‘EMS approach’ to 
developing SMS that has been most widely discussed and applied in the existing 
literature. The majority of this literature can be described as context specific case 
studies, examples include, local governments in Sweden (Emilsson and Hjelm 2009), 
the BMW Group in the United States (McElhaney et al. 2004), and the pre-cast 
concrete industry in the United Kingdom (Holton et al. 2010). While the different 
approaches in table 1 are distinct, my analysis found that there were common 
elements of guidance recommended for developing SMS. 
 
The majority of the existing SMS literature, including Stocchetti (2012), Asif et al. 
(2011a), Epstein and Buhovac (2010), Azapagic (2003), Pojasek (2012) and Esquer-
Peralta et al. (2008), offers guidance for the collective governance of the three 
dimensions of sustainability: environmental protection, social or community well-
being, and economic viability. This ‘three dimensions of sustainability’ approach is also 
common within the broader sustainability literature, as discussed in Chapter 3. All of 
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the SMS literature (including ISO 20121 for Event SMS) incorporates stakeholder 
engagement as an important element or even further considering it as an ‘integral’ 
(Epstein and Buhovac 2010) or ‘essential’ (Scanlon and Pope 2012) part of a 
sustainability management system. Stakeholder engagement (including community 
participation) is also an important tool for putting into practice the principle of equity 
within and between generations (Global Reporting Initiative 2013a). 
 
This principle of intra and inter-generational equity is not as commonly treated within 
the existing SMS literature identified in table 1. Some approaches consider intra-
generational equity within the ‘social’ dimension of the three dimensions of 
sustainability (Stocchetti 2012, Asif et al. 2011a, Esquer-Peralta et al. 2008, Azapagic 
2003); while Scanlon and Pope (2012) include ‘long-term thinking’ (which can be 
associated with inter-generational equity) as a key sustainability characteristic for an 
effective sustainability management system. ISO 20121 for Event SMS does begin the 
characterisation of sustainability with the principle of equity within and between 
generations and then establishes the continual improvement of the governance and 
management of the three dimensions of sustainability as the path towards achieving 
sustainability (including equity) outcomes (International Organisation for 
Standardisation 2012). 
 
As discussed in Chapter 3, fostering innovation is another important characteristic of 
sustainability, and is given attention in several of the existing SMS papers in Table 1 
(Epstein and Buhovac 2010, Azapagic 2003, Scanlon and Pope 2012, Stocchetti 2012, 
McElhaney et al. 2004). Also common within existing approaches to developing SMS is 
the adoption of the Plan, Do, Check, Act (PDCA) continual improvement cycle, which as 
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mentioned earlier in this chapter, is common to many management system standards 
(including ISO 14001 for EMS) and is also the underlying methodology of ISO 20121 for 
Event SMS (Standards Australia 2004, International Organisation for Standardisation 
2012). Three other SMS approaches in Table 1, ‘Corporate SMS’, ‘Project SMS’, and 
‘EMS Approach’, also adopt the PDCA continual improvement cycle as the framework 
basis for SMS. The PDCA cycle has become familiar to, and widely utilised, within many 
organisational settings (Scanlon and Pope 2012, Pojasek 2012, Thomas and Murfitt 
2011, Monteleone 2009) including through my own professional experience and 
observation of the New South Wales waste management industry. 
 
The requirement to design any sustainability management system for context specific 
sustainability characteristics and objectives is a recurring theme throughout all of the 
SMS literature in Table 1. In developing a framework for the design of a sustainability 
management system the combined guidance gained from reviewing all of the existing 
identified approaches is useful. However, key to selecting a suitable approach as the 
basis for developing a framework for a sustainability management system is to first 
gain perception of the specific context for which it is intended. 
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5 Understanding Landfills in New South Wales 
For my exploration of SMS it is necessary to understand landfills in New South Wales, 
as the context for this research. As such, this chapter discusses what landfills are and 
the relevant legislative and regulatory background for landfills within the waste 
management industry in New South Wales. 
5.1 What is a Landfill? 
A landfill is a facility that disposes of solid waste by placing it in the surface soils of the 
earth’s crust (Tchobanoglous et al. 1993b). The New South Wales EPA scheduled 
activity for a landfill licence is, Waste Disposal (application to land) (New South Wales 
Government Environment Protection Authority 2013f). The term ‘landfilling’ refers to 
the processes involved in disposing of solid waste into a landfill facility (Tchobanoglous 
et al. 1993b). These processes include, incoming waste stream monitoring, positioning 
and compaction of the waste, and monitoring and management of impacts associated 
with the ‘environmental’ (Tchobanoglous et al. 1993b) and ‘social or community well-
being’ (Environment Protection Authority 1996) dimensions of sustainability explored 
in Chapter 3. 
 
Landfills can be described as ‘biochemical reactors’, which over time produce leachate 
and landfill gas, both of which can result in a loss of amenity for the local community 
(the social dimension of sustainability) due to the odour they release (Tchobanoglous 
et al. 1993b). Leachate is a liquid created by the movement of rainwater through the 
layers of solid waste, transferring pollutants from the landfilled waste into the 
percolated water to become leachate (Tchobanoglous et al. 1993b, Kjeldsen et al. 
2002). Landfill gas is principally created through the decomposition of landfilled waste 
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and primarily contains Methane and Carbon Dioxide along with smaller quantities of 
trace gases (Tchobanoglous et al. 1993b, Hyder Consulting 2012). The production of 
leachate has the potential to significantly impact on the environmental dimension (of 
sustainability) and public health (social or community well-being dimension of 
sustainability) through ground and surface water pollution. While landfill gas has the 
potential to significantly impact on the global environment and public health through 
contributing to climate change, which is relevant to the environmental and social or 
community well-being dimensions of sustainability, and also to the principle of equity 
within and between generations as discussed in Chapter 3. 
 
Around the world landfills have historically been the pre-eminent method utilised for 
the disposal of solid waste and remain a common and important element of solid 
waste management today (Tchobanoglous et al. 1993b, Wright Corporate Strategy Pty 
Ltd 2010, UN HABITAT 2010). As described by Tchobanoglous et al. (1993b) and Butt et 
al. (2008) the lifecycle of most landfills consists of three generic stages: design and 
development, operational, and closure and post closure. It is not unusual for landfill 
lifecycles to extend over many decades with the time period of each stage varying 
greatly, as contributing factors, such as legislation and innovations in waste 
management also change and evolve with time (Tchobanoglous et al. 1993b). Due to 
these landfill lifecycles of 25 to 50-plus years, the potential to impact on the three 
dimensions of sustainability: environmental protection, social or community well-
being, and economic viability, exists within the current generation (landfill design and 
operation) and into future generations (landfill operation and post closure). As such, 
consideration of the three dimensions of sustainability, stakeholder engagement 
(including community participation), equity within and between generations, and 
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waste management innovation, should be core characteristics of effective landfill 
sustainability management. 
 
Landfills in Australia can be classified by size, where the size relates to the quantity of 
waste received on an annual basis (Wright Corporate Strategy Pty Ltd 2010): 
 Large landfills receive in excess of 100,000 tonnes of waste each year; 
 Medium size facilities receive between 10,000 and 100,000 tonnes of waste 
each year; 
 While small landfills receive less than 10,000 tonnes of waste annually. 
The majority of Australia’s solid waste disposed to landfill is received by a large facility 
although medium sized facilities are also significant, representing approximately 29% 
of licenced landfills and collectively receiving approximately 25% of solid waste 
disposed to landfill (Wright Corporate Strategy Pty Ltd 2010). Small facilities receive 
only 3% of Australia’s landfilled waste each year (Wright Corporate Strategy Pty Ltd 
2010). In New South Wales, medium size landfills predominate, representing 47% of 
the total number of landfills in the state (Wright Corporate Strategy Pty Ltd 2010). 
5.2 Legislative and Regulatory Framework in New South Wales 
Not surprisingly, along with global growth in waste generation has followed public 
concern (and increasingly) government regulation, to ensure that waste management 
infrastructure addresses and minimises environmental and social or community well-
being impacts (Butt et al. 2008, Palframan 2012). The Australian government through 
the Environment Protection and Heritage Council released the ‘National Waste Policy: 
Less Waste, More Resources’ in 2009. The purpose of this policy is to set ‘a clear 
direction for Australia’ with regard to national waste management directions and 
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strategies to 2020 (Environment Protection and Heritage Council 2009). Outside of 
ensuring that international obligations are met, the responsibility for waste 
management is primarily at the state and territory level of government with local 
governments also playing a significant role (Environment Protection and Heritage 
Council 2009, Australian Bureau of Statistics 2013, Hyder Consulting 2012). 
 
The New South Wales legislative and regulatory framework for the management of 
waste has three principal aims: to avoid waste generation, increase resource recovery, 
and minimise environmental harm (Hyder Consulting 2012), and consists of the 
following legislation and regulation: 
 the Protection of the Environment Operations Act 1997 (POEO Act), amended 
in 2008, 
 the Protection of the Environment Operations (Waste) Regulation 2005 (POEO 
Regulation), amended in 2008, 
 the Protection of the Environment Legislation Amendment Act 2011 (POELA 
Act), and 
 the Waste Avoidance and Resource Recovery Act 2001 (WARR Act). 
These instruments are administered by the primary environmental regulator for the 
state of New South Wales, the Environment Protection Authority (EPA) (New South 
Wales Government Environment Protection Authority 2013a). The EPA focus in 
delivering the three principle aims of the waste management framework is to provide 
clarity and consistency in the interpretation and implementation of regulation and 
policy (New South Wales Government Environment Protection Authority 2013a). 
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The POEO Act and Regulation, specify requirements for the classification of waste, the 
management of special categories of waste (such as asbestos), the recovery of waste 
material, and the licencing of waste facilities which includes landfills (New South Wales 
Government Environment Protection Authority 2013b). The POEO Act also includes a 
three tiered regime for offence provisions according to the severity of the offence, 
along with other mechanisms to improve compliance and environmental outcomes 
including inspections and audits (New South Wales Government Environment 
Protection Authority 2013c). The POELA Act was introduced to change the 
requirements (particularly for EPA licence holders) around the notification of pollution 
incidents, the management of pollution incident response, and the online publishing of 
pollution monitoring data by EPA licensees (New South Wales Government 
Environment Protection Authority 2013d). 
 
Under the POEO Act, the New South Wales EPA is currently making preparations to 
implement changes to the licensing framework and introduce a new protocol for 
determining EPA licence conditions and fees. The new licensing protocol is planned to 
commence in mid-2014 and the proposed changes will apply to all EPA licence holders 
including landfill licensees (Australian Sustainable Business Group 2013a, Neville 2013). 
New and existing licensees will be risk assessed by the EPA on an annual basis, the 
outcome of which will determine the level of scrutiny applied by the EPA to the 
licensee operations and the fees payable to the EPA by the licensee (Neville 2013). 
 
In doing so, the EPA will be following a similar approach to that already taken by other 
environmental regulators, including in South Australia, and the United Kingdom 
(Neville 2013, Palframan 2012, Butt et al. 2008). Licensees that have EMS in place (and 
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particularly if they are certified against ISO 14001) are more likely to receive a lower 
risk assessment rating by the EPA (Neville 2013). A lower rating from the EPA will result 
in less regulatory scrutiny and reduced fees providing incentives for licensees 
(including landfill operators) to develop, implement and continually improve ISO14001 
compliant EMS (Neville 2013). 
 
The purpose of the WARR Act is to promote waste avoidance and resource recovery 
through a variety of strategies and programmes, including encouraging innovation and 
the take-up of new and emerging technologies (New South Wales Government 
Environment Protection Authority 2013e). The Waste Avoidance and Resource 
Recovery (WARR) Strategy, includes objectives and targets for 2014 in key result areas 
such as increasing recycling and reducing illegal dumping (New South Wales 
Government 2011). The WARR Act recognises the potential for environmental and 
social or community well-being impacts arising from the landfilling of waste through a 
hierarchy of waste management options that places disposal at the end of the 
preference scale as ‘the least desirable’, with resource recovery and avoidance of 
waste generation preferred (New South Wales Government Environment Protection 
Authority 2013e). The waste management hierarchy (as shown in Figure 1) is 
commonly applied throughout Australia and many other countries when developing 
waste management strategies and services (Marshall and Farahbakhsh 2013, 
Palframan 2012, Hyder Consulting 2012, UN HABITAT 2010, Wright Corporate Strategy 
Pty Ltd 2010). 
 
In a sense, the WARR Act and the waste management hierarchy are setting a direction 
towards an ideal ‘sustainable’ future, in which landfills would not be required at all, as 
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any ‘waste’ generated would be recovered, reused, or recycled. Through the 
application of the WARR Act and waste management hierarchy, progress has been 
made, in the diversion of waste stream material into resource recovery, reuse, and 
recycling in New South Wales (New South Wales Government 2011, Wright Corporate 
Strategy Pty Ltd 2009). However it remains a reality that approximately half of the 
waste generated in New South Wales (and Australia as a whole) is disposed to landfill, 
as shown in Figures 2 and 3 (Hyder Consulting 2012, Australian Bureau of Statistics 
2013). 
 
The forecast demand for landfill capacity in New South Wales will continue over the 
next decade and beyond (Wright Corporate Strategy Pty Ltd 2009). This means that 
despite their status on the ‘lowest rung’ of the waste management hierarchy, landfill 
facilities will continue to be required as part of any solid waste management solution 
(Wright Corporate Strategy Pty Ltd 2009, Palframan 2012, UN HABITAT 2010, Butt et 
al. 2008). As such, tools such as SMS that enable and continually improve sustainability 
outcomes for landfills will provide significant benefit to the waste management 
industry, the environment and society. 
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Figure 1. Waste Management Hierarchy sourced from Environment Protection Authority (1996), p.7. 
 
 
 
Figure 2. New South Wales Total Waste Generation, Disposal, Recycling and Energy Recovery, 2002-03, 
2006-07 and 2008-09 (the 2008-09 Subtotal excludes fly ash data and the 2008-09 Total includes fly ash 
data), sourced from Hyder Consulting (2012) p.54. 
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Figure 3. Summary of 2009-10 Waste Generated and Waste Services Provided, sourced from Australian 
Bureau of Statistics (2013), p.17. 
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6 Framing SMS for Landfills in New South Wales 
Thus far I have explored the concept of sustainability in terms of characteristics, 
management systems and existing approaches for the development of SMS, and in the 
previous chapter I examined landfills in New South Wales as the context for this 
research project. The purpose of this chapter is to define a framework appropriate for 
designing SMS for landfills in New South Wales that can be utilised by the waste 
management industry. This chapter will also provide guidance on assessing landfill 
sustainability, through the use of context specific sustainability objectives and 
indicators. 
6.1 A Framework for Landfill SMS 
As explained in Chapter 5, landfill lifecycles typically extend over many decades and 
consist of three generic stages: design and development, operational, and closure and 
post closure (Tchobanoglous et al. 1993b, Butt et al. 2008). Similar to the application of 
EMS to organisations and activities that are operational (Thomas and Murfitt 2011, 
Perdicoúlis et al. 2012, Standards Australia 2004), I have developed this SMS 
framework for application to existing active New South Wales landfills, which could be 
under development (landfill preparation underway), operational (landfill receiving 
waste), or in closure and post closure stages (landfill site redevelopment and ongoing 
monitoring). The SMS framework is not intended for landfills that are at the beginning 
of the lifecycle, in the design stage (including location selection, agreement and 
approvals), as other sustainability assessment tools and techniques within the broader 
field of impact assessment would be more appropriate at the design stage (Perdicoúlis 
et al. 2012). 
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As discussed in Chapter 4, my literature review identified seven existing approaches 
(Table 1) for the development of SMS. As far as I could determine from my review, 
none of these approaches have been previously applied to the context of landfills (or 
the broader field of waste management). However the ‘expansion of EMS’ path to 
developing SMS, has proven flexibility in terms of application to the widest and most 
varied range of contexts currently published in the available literature. This path also 
benefits from the degree to which EMS are well established in practice and becoming 
increasingly so across many sectors, including within the New South Wales waste 
management industry. 
 
New South Wales landfill operators are legally bound to manage facilities to ensure 
that the requirements included in their EPA licences are met. In order to facilitate and 
better enable their ability to comply with EPA licence requirements, several New South 
Wales landfill operators in New South Wales have implemented ISO 14001 certified 
EMS (SITA Australia 2013, Veolia Environmental Services 2013, REMONDIS Australia 
2013, Kimbriki Environmental Enterprises 2013). As discussed in Chapter 5, the new 
licensing protocol being introduced by the New South Wales EPA will further 
encourage landfill operators to implement EMS. Broadening or expanding an 
environmental management system into a sustainability management system requires 
a ‘beyond compliance’ (with EPA licence conditions) approach, which would enable 
improvements to be more substantive and obvious (Thomas and Murfitt 2011) and 
easily demonstrated to the community and to regulatory authorities such as the EPA. 
 
For these reasons I have chosen the ‘EMS Approach’ as the most appropriate to form 
the basis of a SMS framework for landfills in New South Wales; while I have also sought 
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to incorporate the sustainability characteristics identified in Chapter 3, and found in 
several of the existing approaches to SMS (including the ‘EMS Approach’) as identified 
in Chapter 4. I have represented my SMS framework for landfills in New South Wales 
diagrammatically in Figure 4. It follows the Plan, Do, Check, Act (PDCA) continual 
improvement cycle; as does ISO 14001 for EMS, ISO 20121 for Event SMS, and other 
SMS approaches that were discussed in Chapter 4; while the colour usage in Figure 4 
to denote the sustainability characteristics of environment (green), social (blue), 
economic (purple) and equity (red), continue to be employed in later tables in this 
thesis. The framework expands the environmental management system scope at each 
stage of the PDCA cycle to incorporate all three dimensions of sustainability: 
environmental protection, social or community well-being, and economic viability (Asif 
et al. 2011b, Esquer-Peralta et al. 2008, McElhaney et al. 2004). 
 
As discussed in Chapters 3 and 4, stakeholder engagement (including community 
participation) within the ‘social’ dimension of sustainability, is a well-recognised 
requirement for sustainability and important for SMS. In addition, as discussed in 
Chapter 5, landfills have significant potential to impact on social and community well-
being. As such, stakeholder engagement is an integral element of the SMS framework 
as shown in Figure 4 and is included at each stage of the PDCA continual improvement 
cycle. 
 
As a landfill lifecycle usually extends over many decades, taking a long-term view and 
considering the principle of equity for both current and future generations with 
respect to landfill decision making is a core element of the landfill SMS framework. 
Fostering innovation is also a core element of the SMS framework, as innovation 
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provides a pathway towards achieving ‘beyond compliance’ performance, and to 
developing opportunities for sustainability outcomes that go beyond managing 
impacts and mitigating risks (Scanlon and Pope 2012). All of these core elements (or 
sustainability characteristics) should find expression within the sustainability policy 
developed within the Plan stage of the SMS framework (Azapagic 2003). Finally, the 
requirements or activities associated with each stage of the SMS framework (relative 
to EMS) and developed for landfills in New South Wales are provided in Table 2(a-d). 
 
Figure 4. Diagrammatic representation of a sustainability management system framework for landfills in 
New South Wales based on the EMS approach to developing SMS 
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Table 2a. PLAN stage for SMS framework (relative to EMS) for landfills in New South Wales 
 
Environmental Management System (Standards 
Australia 2004, Thomas and Murfitt 2011) 
 
 
Sustainability Management System 
 
  Identify and engage stakeholders (including 
community) – determine community 
participation aims; could utilise tools available 
from International Association for Public 
Participation (2013) 
 Environmental Policy  Sustainability policy – contains expression of 
commitment to core elements: three 
dimensions ESE, long term view throughout 
landfill lifecycle (intra/inter-generational 
equity), stakeholder engagement (including 
community participation), innovation, 
continual improvement 
 Environmental impacts and material aspects – 
identify (see Chapter 5): 
o production of leachate with potential 
to cause emissions to ground and 
surface water and to impact eco-
system health 
o production of landfill gas with 
potential to cause emissions to air 
that exceed EPA guidelines 
 ESE impacts and material aspects – identify 
(see Chapter 5): 
o production of leachate with potential 
to cause emissions to ground and 
surface water, and to impact eco-
system and public health, local 
amenity (odour) 
o production of landfill gas with 
potential to cause emissions to air, 
and to impact, global environment 
and public health (climate change), 
air quality (odour) 
o production of leachate and landfill 
gas also have potential economic 
impacts associated with remediation 
costs and regulatory action in the 
event of any pollution incidents 
o also identify any significant site 
specific aspects and impacts 
 Environmental objectives – define  Sustainability objectives – define (refer to 
Chapter 6.2 for further guidance) 
 Legal (compliance) requirements – identify  
 
Table 2b. DO stage for SMS framework (relative to EMS) for landfills in New South Wales 
 
Environmental Management System (Standards 
Australia 2004, Thomas and Murfitt 2011) 
 
 
Sustainability Management System 
 
 Stakeholder communication  Stakeholder engagement 
 Environmental initiatives and programmes 
(including emergency preparedness and 
response) – develop and implement 
 Sustainability initiatives (for achieving the 
defined objectives) – develop and implement 
 Resources and training – identify and assign  Resources and training – identify and assign 
  Prioritise sustainability initiatives – taking into 
consideration, EPA licence and OHS 
compliance requirements, and stakeholder 
engagement 
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Table 2c. CHECK stage for SMS framework (relative to EMS) for landfills in New South Wales 
 
Environmental Management System (Standards 
Australia 2004, Thomas and Murfitt 2011) 
 
 
Sustainability Management System 
 
  Stakeholder engagement 
 Monitoring, measurement and auditing  Sustainability assessment – sustainability 
indicators – define and monitor (refer to 
Chapter 6.2 for further guidance) 
 Evaluation of compliance with legal and other 
requirements 
 Sustainability performance review and 
reporting 
 
Table 2d. ACT stage for SMS framework (relative to EMS) for landfills in New South Wales 
 
Environmental Management System (Standards 
Australia 2004, Thomas and Murfitt 2011) 
 
 
Sustainability Management System 
 
  Stakeholder engagement 
 Management Review   Recommendations for improvement – 
‘lessons learned’ = Build sustainability (three 
dimensions ESE, stakeholder engagement 
intra/inter-generational equity, innovation) 
awareness, knowledge, competency levels 
 Make required changes/ take actions/ reset 
EMS, policy, objectives… Continue 
improvement cycle – PLAN…etc. 
 Make required changes/ take actions/ reset 
SMS, policy, objectives, and indicators... 
Continue improvement cycle – PLAN…etc. 
 
6.2 Assessing Landfill Sustainability 
Within most applications of the PDCA continual improvement cycle, including the 
landfill SMS framework developed in the previous section, the ‘Plan’ stage includes 
setting objectives and the ‘Check’ stage is concerned with assessing performance 
against these objectives. This enables review and reporting of progress, to inform 
further actions and continue further iterations of the cycle. As such any framework for 
SMS should include guidance on assessing sustainability. Landfill sustainability 
performance can be assessed through the review of progress made towards achieving 
landfill sustainability objectives through the monitoring or measurement of associated 
landfill sustainability indicators. 
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To develop and define appropriate New South Wales landfill sustainability objectives I 
considered a range of information sources. My literature review found wide 
agreement on three sustainability objectives fundamental to best practice landfilling 
(see Table 3). The New South Wales EPA publication, Environmental Guidelines: Solid 
Waste Landfills (1996) includes four sustainability objectives for landfill operation (also 
in Table 3). While generic licensing objectives under the New South Wales POEO Act 
(see Box 1), apply to all categories of licensed activities including landfill facilities. 
 
In addition to these sources I conducted a review of New South Wales EPA licence 
requirements and conditions for landfills, as EPA licences specify the minimum 
(compliant) level of sustainability performance (Wright Corporate Strategy Pty Ltd 
2010). These EPA licence requirements and conditions are specific to each landfill site 
and operator (Wright Corporate Strategy Pty Ltd 2010). My research included a review 
of eight licences for landfill facilities, four landfills located within the Greater Sydney 
region and four landfills located outside of Greater Sydney (New South Wales 
Government Environment Protection Authority 2013i, 2013g). While EPA licences are 
site specific I found several requirements and conditions that were commonly included 
in the licences I reviewed (see Box 2). Table 4 defines sustainability objectives (relative 
to the sustainability characteristics identified and framed within earlier chapters) that 
would be widely applicable to landfills in New South Wales and is my synthesis of the 
information contained in Table 3, Box 1 and Box 2. 
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Table 3. Sustainability objectives identified through review of best practice landfilling and New South 
Wales EPA literature 
 
Sustainability Objectives for Best Practice 
Landfilling (Wilson et al. 2012, Giusti 2009, den 
Boer et al. 2007, Environment Protection and 
Heritage Council 2009, Wright Corporate Strategy 
Pty Ltd 2010) 
 
 
Sustainability Objectives from NSW EPA Solid 
Waste Landfill Guidelines (Environment 
Protection Authority 1996) 
 
1. Protection of public health  Prevention of water pollution 
2. Protection of the local environment  Prevention of air pollution 
3. Protection of the global environment; in the 
context of climate change, through the 
minimisation and management of landfill 
(greenhouse) gas emissions. 
 Best practice land management and 
conservation (throughout the landfill lifecycle) 
 Management of hazards and loss of amenity 
 
 
Box 1. POEO Act generic licensing objectives, sourced from New South Wales Government Environment 
Protection Authority (2013h), accessed August 30, 2013. 
 
 
 
  
 protect, restore and enhance the quality of the environment in NSW, having regard to 
the need to maintain ecologically sustainable development 
 provide increased opportunities for public involvement and participation in 
environment protection 
 ensure that the community has access to relevant and meaningful information about 
pollution 
 rationalise, simplify and strengthen the regulatory framework for environment 
protection 
 improve the efficiency of administration of the environment protection legislation 
 reduce risks to human health and prevent the degradation of the environment by the 
use of mechanisms that promote the following: 
o pollution prevention and cleaner production 
o the reduction to harmless levels of the discharge of substances likely to cause 
harm to the environment 
o the reduction in the use of materials and the re-use or recycling of materials 
o the making of progressive environmental improvements, including the 
reduction of pollution at source 
o the monitoring and reporting of environmental quality on a regular basis. 
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Box 2. Commonly included EPA licence requirements and conditions for landfill facilities in New South 
Wales. 
 
 
 
  
 Monitoring and management of: 
o emissions to surface and ground water, 
o emissions to air (principally landfill gas), 
o leachate quality, 
(Pollutants, concentration limits, test methods and monitoring frequency are 
specified in individual licences) 
 Management of dust, noise and odour, 
 Emergency and pollution incident response management (including the occurrence of 
fires), 
 Monitoring of local weather conditions such as rainfall, wind direction and speed, 
 Waste compaction, covering and landfill capping requirements, 
 Complaints management, 
 Financial assurance (to guarantee funding for works or programs required by the 
licence including remediation or rehabilitation costs). 
 Payment of fees 
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Table 4. Sustainability objectives for landfills in New South Wales 
Sustainability Objectives – for NSW Landfills 
(A synthesis of the information contained in Table 3, Box 1 and 
Box 2) 
Sustainability Characteristics: 
(E) Environmental Protection 
(S) Social or Community 
Well-being 
(E) Economic Viability 
(Eq) Principle of equity within & 
between generations 
(Inn) Innovation 
E S E Eq Inn 
      
 Protect, restore and enhance the quality of the local 
environment through recognising opportunities to maintain 
ecological sustainability, developing initiatives and following 
the continual improvement (PDCA) cycle 
     
 Adopt and develop best practice land use management and 
conservation techniques (throughout all stages of the landfill 
lifecycle) – including the implementation of waste 
compaction, covering and landfill capping requirements 
specified in the EPA licence 
     
 Reduce risks to public health and protect the local 
environment by prevention of surface and ground water 
pollution – Monitor and manage leachate quality and 
emissions to surface and ground water, minimise emissions 
and reduce to harmless levels 
     
 Protect the global environment by prevention of air pollution 
– Monitor, minimise and manage emissions to air of landfill 
(greenhouse/climate change) gases 
     
 Reduce risks to public health and protect the local 
environment by the management of hazards – Develop and 
maintain emergency and pollution incident response 
management plans (including for the occurrence of fires) 
     
 Manage dust, noise, odour and any other site specific loss of 
amenity – Monitor local weather conditions such as rainfall, 
wind direction and wind speed 
     
 Provide opportunities for community participation as an 
integral part of stakeholder engagement  – including a 
mechanism for complaints management 
     
 Provide the community with relevant, meaningful 
information about environmental quality on a regular basis – 
Publish online the monitoring data specified in the EPA 
licence 
     
 Provide financial assurance (to guarantee funding for works or 
programmes required by the EPA licence including landfill 
remediation or rehabilitation costs) 
     
 Plus site specific sustainability objectives defined through 
stakeholder engagement (including community 
participation)... 
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The purpose of any sustainability indicators chosen for landfills in New South Wales 
should be to provide information on performance against objectives (Global Reporting 
Initiative 2013a). As shown in Table 4, this would include performance associated with 
environmental, social or community well-being and economic impacts, stakeholder 
engagement (including community participation), equity within and between 
generations, and innovation. In addition to the objectives in Table 4, when determining 
the landfill sustainability indicators included in Table 5, I also considered the indicators 
chosen by the New South Wales Government in the EPA State of the Environment 
report (2012). Further sources of guidance for identifying landfill sustainability 
indicators were: Menikpura et al. (2012) regarding sustainability indicators for landfills 
in developing countries; den Boer et al. (2007) regarding sustainability indicators for 
waste management systems for rapidly expanding European cities; and the G4 
Sustainability Reporting Guidelines (Global Reporting Initiative 2013a, 2013b). When 
combined with site specific, stakeholder defined sustainability objectives and 
indicators, the sustainability objectives (Table 4) and indicators (Table 5) that I have 
developed provide a firm basis for assessing sustainability within SMS for landfills in 
New South Wales. 
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Table 5. Sustainability indicators for landfills in New South Wales 
Sustainability Indicators – for NSW Landfills 
References: Table 4, Global Reporting Initiative (2013a, 2013b), 
New South Wales Government Environment Protection 
Authority (2012), Menikpura et al. (2012), den Boer et al. (2007) 
Sustainability Characteristics: 
(E) Environmental Protection 
(S) Social or Community 
Well-being 
(E) Economic Viability 
(Eq) Principle of equity within & 
between generations 
(Inn) Innovation 
E S E Eq Inn 
      
 Number of incidents of non-compliance with EPA licence 
requirements 
     
 Concentrations of pollutants in surface water      
 Concentrations of pollutants in ground water      
 Concentrations of landfill (greenhouse) gas emitted and 
contribution to climate change 
     
 Concentrations of pollutants in leachate      
 Number of exceedances of specific EPA licence pollutant 
concentration limits 
     
 Number of EPA reportable pollution incidents      
 Number of fires originating in landfill      
 Number of, and outcomes from, EPA audits, site 
inspections, investigations 
     
 Landfill capacity remaining (measured in cubic metres 
and/or years), as an indicator of innovation in landfill 
management 
     
 Number of, and outcomes from, workplace accidents and 
incidents 
     
 Number of, and outcomes from, WorkCover Authority of 
New South Wales, audits, site inspections, investigations 
     
 Level of worker retention and satisfaction      
 Provision of worker training and professional development 
opportunities 
     
 Number of (and outcomes from) community complaints, 
such as regarding odour, dust, noise, amenity 
     
 Level of participation in, and involvement with, local 
community 
     
 Level of participation in, and involvement with, industry 
bodies and professional/educational organisations 
     
 Total income generated by landfill facility, such as from 
waste disposal fees, resource and energy recovery projects 
     
 Total costs to operate landfill throughout facility lifecycle, 
including post-closure 
     
 Number of, and outcomes from, customer complaints      
 Level of customer satisfaction, such as from customer 
survey results 
     
 Changes in waste management legislation and regulation 
pertaining to landfills 
     
 Plus site specific sustainability indicators defined through 
stakeholder engagement (including community 
participation)... 
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7 Case Study – A Landfill in New South Wales 
The final step in this project is to apply the SMS framework developed in Chapter 6 to 
the desktop design of a sustainability management system for a landfill in New South 
Wales. The purpose of this case study is to illustrate how the framework could be 
followed to develop SMS for landfills in New South Wales. Together with the 
framework developed in Chapter 6, this case study example is intended to provide 
guidance to the New South Wales waste management industry on the design and 
development of SMS for landfills. While the information used to complete this study is 
publically available, in order to maintain professional anonymity, the case study landfill 
will be referred to using the pseudonym ‘Aterro’1. 
7.1 Landfill Profile 
As discussed in Chapter 5, medium size landfills receive between 10,000 and 100,000 
tonnes of waste each year, and are the predominate classification of landfill in New 
South Wales. Aterro is one of these medium size landfills, located within the Greater 
Sydney region of New South Wales and operational for almost four decades (to 
maintain anonymity for the Aterro landfill, any reference citation details that would 
specifically identify Aterro will not be provided). Originally the landfill was owned and 
operated by local government and was transferred to a private entity five years ago. 
The site is licensed by the New South Wales EPA for Waste Disposal (application to 
land) and for resource recovery and recycling of certain types of waste including, 
building and demolition waste, vegetation, and reusable household items. The Aterro 
site also includes waste education facilities where waste education services are 
provided to schools, local councils and the broader community. 
                                                          
1
 Aterro is the Portuguese word for landfill and bears no association to the real-life landfill in this case 
study. 
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The Aterro site is in a socially and environmentally sensitive location with both 
residential areas and a national park as neighbours. In more recent times, Aterro 
management has had to oversee and resolve significant legacy issues arising from 
historically poor landfilling practices that were commonplace in Sydney in past decades 
(Curby and Macleod 2003). As such, the site operation and management has improved 
significantly in the last five to ten years and very recently achieved third party 
certification for the facility’s environmental management system against the ISO 14001 
EMS Standard. As a result of innovations in landfill management, including resource 
recovery activities introduced over the last two decades, the current estimated 
forecast for Aterro to remain operational is a further 60 years. 
7.2 Sustainability Management System Design 
The desktop application to Aterro of the landfill SMS framework developed in Chapter 
6 is presented in Table 6(a-d). 
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Table 6a. Aterro landfill SMS – PLAN stage – using SMS framework (from Chapter 6, Table 2a) 
From SMS framework PLAN stage – Stakeholder Engagement: 
 Identify and engage stakeholders (including community) – determine community participation aims; 
could utilise tools available from International Association for Public Participation (2013) 
Desktop case study PLAN stage – Stakeholder Engagement: 
 Aterro internal stakeholder engagement processes are well developed in accordance with ISO 
14001 EMS requirements for operational control, resources, responsibilities and communication. 
 The Aterro vision and values are available on the organisation’s website and include the following 
references to stakeholder (including community) engagement: 
o Positively engages and forms partnerships with the community in determining key 
decisions and directions 
o Developing staff 
o Meeting community requirements 
o Delivering outcomes for the public good 
o Values open dialogue 
Strategic goals are also available on the Aterro website and include: 
o “Community endorsement: Ensure a high level of community and stakeholder 
understanding, trust, engagement, participation, acceptance and support for current and 
future operations allowing for continued operations and the development of the business 
through the adoption of open and transparent community and stakeholder communication 
and education practices.” 
 These statements and inclusions regarding stakeholder engagement (including community 
participation) within the organisation’s vision, values and strategic goals represent the intent and 
commitment of the Aterro management with respect to stakeholder engagement. While the Aterro 
waste education facilities and services to schools and the community contribute to this intent with 
respect to external stakeholder engagement and community participation. However this will 
require further strengthening, action and development for a sustainability management system. 
Actions could include determination of community participation aims throughout the stages of the 
continual improvement cycle and (based on these aims) the formation of a community consultation 
forum or group and associated processes. Any such community consultation group should include 
representatives from the residential and national park neighbours to the Aterro site. Readily 
available tools from the International Association for Public Participation (2013) could be utilised to 
assist with this strengthening of stakeholder engagement. 
From SMS framework PLAN stage – Policy: 
 Environmental policy 
 Sustainability policy – contains expression of commitment to core elements: three dimensions ESE, 
stakeholder engagement (including community participation), long term view throughout landfill 
lifecycle (intra/inter-generational equity), innovation, and continual improvement 
Desktop case study PLAN stage – Policy: 
 A combined safety, environment and quality policy is available on the Aterro website. This policy 
includes a commitment to workplace safety, environmental protection, quality service, workplace 
health safety and environmental legal compliance, risk management and continual improvement. 
 This policy could be expanded and renamed (or a new sustainability policy in addition to the existing 
policy could be developed) and made available on their website – in either case the policy would 
need to express the Aterro management commitment to the core SMS elements: three dimensions 
of sustainability ESE, stakeholder engagement (including community participation), long term view 
throughout landfill lifecycle (intra/inter-generational equity), innovation, and continual 
improvement. 
 The Aterro vision and values (available on their website) should be in alignment with the 
sustainability policy. 
From SMS framework PLAN stage – Impacts and Aspects: 
 Environmental impacts and material aspects – identify (as per Chapter 6.1, Table 2): 
E1. production of leachate with potential to cause emissions to ground and surface water and 
to impact eco-system health 
E2. production of landfill gas with potential to cause emissions to air that exceed EPA 
guidelines 
 ESE impacts and material aspects – identify (as per Chapter 6.1, Table 2): 
3D1. production of leachate with potential to cause emissions to ground and surface water, and 
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to impact eco-system and public health, local amenity (odour) 
3D2. production of landfill gas with potential to cause emissions to air, and to impact, global 
environment and public health (climate change), air quality (odour) 
3D3. production of leachate and landfill gas also have potential economic impacts associated 
with remediation costs and regulatory action in the event of any pollution incidents 
3D4. also identify any significant site specific aspects and impacts 
Desktop case study PLAN stage – Impacts and Aspects: 
 As part of the Aterro environmental management system, the significant environmental aspects 
have been identified as E1 and E2 above – these would need expansion to include the three 
dimensions of sustainability as shown above in 3D1 to 3D4. 
From SMS framework PLAN stage – Objectives: 
 Environmental objectives – define 
 Sustainability objectives – define 
Desktop case study PLAN stage – Objectives: 
 Current environmental objectives for Aterro would need to expand into sustainability objectives 
that incorporate core SMS elements (sustainability characteristics): three dimensions ESE, 
stakeholder engagement, intra/inter-generational equity, and innovation. 
These sustainability objectives would include those developed for landfills in NSW in Chapter 6.2 
(Table 4) and would also need to be expanded with site specific objectives defined through 
stakeholder engagement (including community participation) processes. 
 Strategic goals for Aterro (which are available on their website) should include a long-term view of 
the landfill lifecycle and be aligned with the sustainability objectives. 
From SMS framework PLAN stage – Legal Requirements: 
 Environmental Legal (compliance) requirements – identify 
Desktop case study PLAN stage – Legal Requirements: 
 Environmental legal requirements applicable to Aterro have been identified as a requirement for 
the environmental management system, this requirement would continue within the 
environmental dimension of the sustainability management system. 
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Table 6b. Aterro landfill SMS – DO stage – using SMS framework (from Chapter 6, Table 2b) 
From SMS framework DO stage – Stakeholder Engagement: 
 Stakeholder engagement 
Desktop case study DO stage – Stakeholder Engagement: 
 It is important for stakeholder engagement (including community participation) to be implemented 
and an active element of the sustainability management system at all stages within the framework’s 
continual improvement cycle, and according to the stakeholder engagement aims and processes 
that would need to be determined within the PLAN stage (see Table 6a). 
From SMS framework DO stage – Initiatives: 
 Environmental initiatives and programmes (including emergency preparedness and response) – 
develop and implement 
 Sustainability initiatives (for achieving the defined objectives) – develop and implement 
Desktop case study DO stage – Initiatives: 
 As part of the Aterro environmental management system, environmental initiatives and 
programmes for achieving defined environmental objectives have been developed. 
These would need to be expanded into sustainability initiatives and programmes designed to meet 
the sustainability objectives defined within the PLAN stage (see Table 6a). 
 Examples of initiatives that could arise from the sustainability objectives for Aterro would be: 
additional resource recovery initiatives, such as ‘energy from waste’, landfill gas extraction, landfill 
mining and partnerships with universities and/or regulatory authorities in other research areas – 
keeping in mind that site specific sustainability objectives and initiatives would need to be 
developed through stakeholder engagement (including community participation). 
From SMS framework DO stage – Resources: 
 Resources and training – identify and assign 
Desktop case study DO stage – Resources: 
 As with the Aterro environmental management system requirement to identify and assign 
resources, responsibilities and authorities, this requirement will continue for the sustainability 
management system, to ensure the intent of the sustainability policy can be met. 
From SMS framework DO stage – Prioritise: 
 Prioritise sustainability initiatives – taking into consideration, EPA licence and OHS compliance 
requirements, and involving stakeholder engagement (including community participation). 
Desktop case study DO stage – Prioritise: 
 Sustainability initiatives and programmes developed to achieve objectives will need to be resourced 
and scheduled, recognising that some initiatives will require less resources and time to complete 
than others, initiatives will need to be prioritised and project managed accordingly. 
 As with any project management exercise this would be a fluid process, revisited regularly and 
adjusted as changes and developments occur that create new risks and opportunities. 
 Prioritisation of initiatives for Aterro must take into account their EPA licence conditions and OHS 
compliance requirements and involve stakeholder engagement. 
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Table 6c. Aterro landfill SMS – CHECK stage – using SMS framework (from Chapter 6, Table 2c) 
From SMS framework CHECK stage – Stakeholder Engagement: 
 Stakeholder engagement 
Desktop case study CHECK stage – Stakeholder Engagement: 
 It is important for stakeholder engagement (including community participation) to be implemented 
and an active element of the sustainability management system at all stages within the framework’s 
continual improvement cycle, and according to the stakeholder engagement aims and processes 
that would need to be determined within the PLAN stage (see Table 6a). 
From SMS framework CHECK stage – Assessment: 
 Environmental monitoring, measurement and auditing 
 Sustainability assessment – sustainability indicators – define and monitor (refer to Chapter 6.2 for 
further guidance) 
Desktop case study CHECK stage – Assessment: 
 Current environmental monitoring, measurement and auditing activities for Aterro would need to 
expand to incorporate sustainability assessment through the definition and monitoring of 
sustainability indicators that incorporate core SMS elements (sustainability characteristics): three 
dimensions ESE, stakeholder engagement, intra/inter-generational equity, and innovation. 
 These sustainability indicators would include those developed for landfills in NSW in Chapter 6.2 
(Table 5), and would need to be expanded further with site specific indicators defined through 
stakeholder engagement (including community participation) processes. 
 Aterro sustainability indicators should also provide assessment of progress made towards the 
strategic goals (in so far as these goals are aligned with sustainability objectives). 
From SMS framework CHECK stage – Review and Report: 
 Environmental evaluation of compliance with legal and other requirements 
 Sustainability performance review and reporting 
Desktop case study CHECK stage – Review and Report: 
 The existing Aterro environmental management system processes for evaluation of compliance and 
performance against environmental objectives would need to be extended to also include the 
performance review and reporting of performance against sustainability objectives with the help of 
the sustainability indicators mentioned earlier in this stage. 
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Table 6d. Aterro landfill SMS – ACT stage – using SMS framework (from Chapter 6, Table 2d) 
From SMS framework ACT stage – Stakeholder Engagement: 
 Stakeholder engagement 
Desktop case study ACT stage – Stakeholder Engagement: 
 It is important for stakeholder engagement (including community participation) to be implemented 
and an active element of the sustainability management system at all stages within the framework’s 
continual improvement cycle, and according to the stakeholder engagement aims and processes 
that would need to be determined within the PLAN stage (see Table 6a). 
From SMS framework ACT stage – Learn: 
 Management Review  
 Recommendations for improvement – ‘lessons learned’ = Build sustainability (three dimensions ESE, 
stakeholder engagement, intra/inter-generational equity, innovation) awareness, knowledge, 
competency levels 
Desktop case study ACT stage – Learn: 
 As Aterro has a management review process implemented within the environmental management 
system – this would need to be expanded to include review of sustainability performance and 
outcomes. 
 Outputs from the review process would need to include recommendations for improvements and 
‘lessons learned’ for not only environmental but sustainability management. 
 Improvement recommendations and lessons learned would also need to be directed towards 
building awareness, knowledge and competency within Aterro and the recognised stakeholder 
groups regarding the three dimensions of sustainability ESE, stakeholder engagement, intra/inter-
generational equity, and innovation. 
From SMS framework ACT stage – Improve: 
 Make required changes/ take actions/ reset EMS, policy, objectives… Continue improvement cycle – 
PLAN…etc. 
 Make required changes/ take actions/ reset SMS, policy, objectives, and indicators... Continue 
improvement cycle – PLAN…etc. 
Desktop case study ACT stage – Improve: 
 In the same way that the Aterro environmental management system follows a continual 
improvement cycle with the resetting of policy, objectives, initiatives and further iterations to 
follow, the sustainability management system would also follow this pattern (as depicted in the 
diagram in Chapter 6, Figure 4. 
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8 Conclusion 
In this concluding chapter I summarise my findings in relation to the research question 
and project objectives identified in the introduction, before also considering the 
limitations of my study together with opportunities for further research. My research 
question for this project was to what extent are emergent approaches for developing 
SMS, appropriate for application to landfill facilities in New South Wales? To answer 
this question my research addressed two objectives. 
 
The first objective for my research project was to identify emergent approaches and 
guidance for developing SMS and to explore their relevance to the design of SMS for 
landfills in New South Wales. As such, Chapter 3 explored those characteristics and 
assessment of sustainability, recognised in the existing literature that would be 
appropriate to any discussion regarding the sustainability of landfills in New South 
Wales. With this understanding in place, I then moved on to specifically review SMS 
literature in Chapter 4 and found that my review results correlated with the finding 
made previously by other researchers (Scanlon 2011, Scanlon and Pope 2012, 
Perdicoúlis et al. 2012, Stocchetti 2012) that the topic of SMS is a very recent addition 
to the much broader field of sustainability assessment. My analysis of SMS literature 
found seven unique approaches for developing and implementing SMS, however I also 
observed that the SMS guidance provided in this literature included sustainability 
characteristics ‘in common’. By considering these different SMS approaches together 
with the sustainability characteristics identified in Chapter 3 and for the context of 
landfills in New South Wales explored in Chapter 5, I determined that the most 
relevant and appropriate approach for developing landfill SMS in New South Wales 
would be the ‘expansion of EMS’ approach. 
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The second objective for my research project was to provide guidance and 
recommendations to landfill operators within the New South Wales waste 
management industry on the design of SMS. To achieve this objective and using the 
collective results from my literature review and analysis, I developed a SMS framework 
for landfills in New South Wales (provided in Chapter 6). This framework follows the 
‘expansion of EMS’ approach for developing a sustainability management system and 
is based on the PDCA continual improvement cycle common to many management 
systems including EMS. In addition to the framework I also developed appropriate 
sustainability objectives and indicators for landfills in New South Wales to provide 
further guidance regarding performance assessment elements required within any 
management system that follows a continual improvement cycle. 
 
I then used a desktop case study to demonstrate how the framework might be applied 
to design and develop a sustainability management system for a New South Wales 
landfill. In completing the case study I found the SMS framework to be instructive at 
each stage of the PDCA continual improvement cycle; and (together with the 
sustainability objectives and indicators also developed in Chapter 6) appeared to 
provide sufficient guidance for how to go about designing and developing a 
sustainability management system for a landfill in New South Wales. As such, it is 
anticipated that the framework together with the case study will provide useful 
guidance to enable landfill operators within the New South Wales waste management 
industry to embark on developing and implementing SMS. 
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A limitation of this research project necessary due to scope and time constraints, is 
that the case study application of the developed landfill SMS framework was an 
illustrative desktop study only. A more thorough examination of the utility of the 
framework would require a case study that included the full development and actual 
implementation of a sustainability management system for a New South Wales landfill 
that followed a complete iteration of the PDCA continual improvement cycle. No doubt 
the results from such a case study would serve to provide recommendations for 
changes to the framework (in the spirit of continual improvement). 
 
As discussed in Chapter 6, the framework for landfill SMS developed in this study is 
intended for application to existing active New South Wales landfills (which includes 
landfills that are under development, operational, or in closure and post closure 
stages). However the desktop case study completed in Chapter 7, is an illustration of 
the framework for a landfill facility that is operational (currently receiving waste). As 
such, to further test the framework would require additional desktop case studies for 
New South Wales landfills that are either under development (landfill preparation 
underway), or in closure and post closure stages (landfill site redevelopment and 
ongoing monitoring). Apart from further testing the SMS framework, further case 
studies of this nature would also provide conceptual information regarding how a 
landfill sustainability management system might apply and evolve over the full lifecycle 
of a landfill. 
 
It is interesting to note that a study of Australian landfill performance released initially 
in 2009 revealed that while landfill facilities were ‘broadly’ compliant with state and 
territory guidelines and regulation, it was clear that landfills were not ‘fully’ compliant 
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(Environment Protection and Heritage Council 2009, Wright Corporate Strategy Pty Ltd 
2010). Therefore there are benefits to be gained from developing tools that guide and 
enable operators to improve the sustainability management of landfills throughout 
Australia. My study has demonstrated that the emerging field of SMS is indeed 
relevant to the context of landfills in New South Wales and has provided tools to guide 
their design and development. The utility of the landfill SMS framework and guidance 
developed through this project, may yet apply wholly or in part, to other Australian 
states and territories and perhaps in any jurisdiction where landfills are a part of the 
waste management solution. Given the longevity of most landfills and their potential 
to cause environmental, social and economic impacts over equally long periods of 
time, the application of SMS could improve sustainability outcomes both in the short 
and long term in New South Wales and beyond. 
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10 Appendices 
Appendix A – Glossary of Acronyms 
The following list contains acronyms and their meaning, as found in this thesis. 
Acronym Meaning 
BEM Business Excellence Models 
COAG Council of Australian Governments 
EMS Environmental Management Systems 
EPA Environment Protection Authority 
ESD Ecologically Sustainable Development 
ESE Environmental protection, Social or community well-being, 
Economic viability 
ISO International Organisation for Standardisation 
NSW New South Wales 
OHS Occupational Health and Safety 
PDCA Plan, Do, Check, Act 
POELA Act Protection of the Environment Legislation Amendment Act 
(NSW Government) 
POEO Act Protection of the Environment Operations Act (NSW 
Government) 
SMS Sustainability Management Systems 
WARR Waste Avoidance and Resource Recovery 
WARR Act Waste Avoidance and Resource Recovery Act (NSW 
Government) 
 
 
